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PrEamblE
Pedro Godinho and Joana Dias1
The use of assessment methodologies is becoming increasingly impor-
tant in the decision making process under very different environments. 
There are increasing concerns about making the best possible use of the 
limited available resources. There is also an increasing will of justifying 
the decisions in a sound way. This is even more important when consid-
ering public spending, public scrutiny and governance accountability. 
The use of recognized assessment techniques is actually mandatory in 
many situations, considering environmental, social, economic and sus-
tainability concerns.
This book gathers contributions from several authors, advancing the 
state-of-the-art and presenting examples of applications of assessment 
methodologies in energy, mobility and other real world applications. 
This book appears in the context of a workshop organized under pro-
ject EMSuRE - Energy and Mobility for Sustainable Regions. EMSuRe is 
a project from the University of Coimbra, funded by QREN, Mais Centro 
and the European Union, which started in 2013 and will end in 2015.
Energy has been an important global concern, given its crucial role 
in all kinds of activities. The depletion of traditional non-renewable 
1 University of Coimbra, Faculty of Economics
E-mails: pgodinho@fe.uc.pt, joana@fe.uc.pt
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energy sources has led to the search for alternatives and for more 
efficient energy usage, and to the development of renewable energy 
sources. An integrated management of the supply-side and the demand-
-side is fundamental for achieving sustainable development strategies 
that can be kept in the long term without the risk of running out of 
energy sources.
Energy is strongly intertwined with mobility, with transportation sys-
tems accounting for a significant share of energy consumption across the 
world. Therefore, it is important to address energy and mobility strategies 
in an integrated fashion, taking into account their mutually influencing 
aspects. Energy and mobility strategies should contribute to sustainable 
development, avoiding environmental damage and resource depletion 
without impeding progress.
Energy and mobility concerns are relevant not only at a global level 
but also at a regional level. Efficient energy and mobility strategies may 
lead to important advantages to specific regions, and be drivers to a fast 
and sustainable development.
The holistic perspective that energy and transportation systems should 
be addressed in combination, giving a strong focus to the regional level, 
is at the inception of the EMSuRe project. The assessment of solutions, 
strategies and models, from different perspectives, is an important compo-
nent of EMSuRe and, in fact, one of the six work packages of the project 
concerns “Sustainability assessment and planning for sustainability”. 
The workshop had the main objective of bringing together researchers 
working in the broad area of project appraisal and impact assessment 
methodologies. The workshop received contributions from researchers 
and practitioners both from within and from outside of the EMSuRe pro-
ject. The assessment methodologies considered in the workshop included 
not only applications to energy and mobility, but also other real world 
applications. Nearly 50 contributions were submitted to this workshop, 
and the present book is the result of a peer-review process that led to 
the selection of 15 full articles.
The chapters of this book reflect the diversity of areas in which as-
sessment methodologies play an important role, starting with the core 
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topics of the EMSuRe project – energy and mobility – and extending to 
very different areas, like health and happiness.
In Chapter 1, Clara Bento Vaz and Ângela Ferreira assess the technical 
efficiency of 26 European countries between 2009 and 2013, evaluated 
through the mix of energy consumption, labour force and gross fixed 
capital formation on the Gross Domestic Product of each economy. 
The authors resort to a Data Envelopment Analysis framework, which 
is complemented by bootstrapping to obtain statistical inferences. The 
authors also explore the effect of the European Union (EU) targets regard-
ing energy efficiency, renewable energy share and the greenhouse gas 
emissions. They conclude that the efficiency of the economies increased 
approximately 13%, on average, since 2009, and that the efforts regard-
ing the EU energy policy targets have not threatened the improvement 
of the efficiency.
In Chapter 2, Patrícia Pereira da Silva, Blanca Moreno and Ana Rosa 
Fonseca use econometric techniques to analyse the impact of the European 
Union emission trading system on stock market returns. The emission 
trading system has been implemented in three phases, and the authors 
focus on the first year and a half of the third phase, from January 2013 
until the end of July 2014. In this third phase, emission allowances were 
auctioned. The authors analyse the interactions between the prices of 
emission rights and the stock returns of different sectors of the Spanish 
market. They conclude that there are positive long-run impacts on the 
power, cement and petroleum sectors, and negative impacts on the iron 
and steel sectors.
In Chapter 3, Nuno Carvalho Figueiredo and Patrícia Pereira da Silva 
assess some determinants of the integration level of the South West 
Europe regional electricity spot markets. The authors consider the French, 
Spanish and Portuguese markets, and analyse the importance of inter-
connection capacity and two weather variables: temperature and wind. 
The authors apply a vector autoregression model, concluding that the 
variables related to interconnection capacities do not improve the model, 
but average temperature slightly contributes to improve the model and 
wind speed shows a significant negative influence in spot electricity 
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6. Data
Day-ahead spot electricity prices in €/MWh (base, peek and off-peak), 
obtained from Datastream, were used in this study from the 1st of January 
2012 to the 31st of December 2014. The data for the day-ahead base, peak 
and off-peak spot electricity prices is plotted in Figure 1.
Price spikes are observed in electricity markets, which confirms the 
high volatility behaviour of electricity spot prices, as in Goto and Karolyi 
(2004), Hadsell et al. (2004) and Higgs (2008). The limited possibility of 
storage, the physical characteristics of simultaneous electricity production 
and consumption, technical constraints in transmission and generating 
plants are the main reasons for these spikes (Coppens and Vivet, 2006; 
Silva and Soares, 2008).
After transforming the prices into their natural logarithms, to obtain 
directly the elasticity values from the parameter estimates, summary 
statistics were calculated (Table 1). Skewness and kurtosis values also 
indicate non-normal distribution, which is confirmed by JB statistic.
Unit root tests were made to all daily-log spot electricity prices. As per 
Table 2 we observe that all time series are considered to be stationary at 5% 
agreeing with findings in Park et al. (2006) and Bunn and Gianfreda (2010)
Daily average interconnection capacities were obtained from the corre-
sponding system operator (REN, REE and RTE) and are plotted in Figure 2.
Daily weather data was retrieved from the website www.wunderground.com: 
maximum and minimum ambient temperatures (in degrees Celsius) and 
average wind speed (in km/h) for each country of the SWE REMs (Figure 
3). Given the large number of installed wind power plants in the SWE 
electricity markets, it is believed to be a good approximation to use 
averaged weather variables across the existing weather stations linked 
to the www.wunderground.com website. In this way a country average 
is calculated for every hour and then averaged for every day. Maximum 
and minimum ambient temperatures were then used to calculate Heating 
Degree-days (HDD) and Cooling Degree-days (CDD) according to the UK 
Meteorological Office method (Mourshed, 2012; UK Climate Projections 
2009, 2013).
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Figure 1: Day-ahead base spot electricity prices – Price_PT (Portugal), 
Price_ES (Spain) and Price_FR (France)
 
Figure 2: Import and export interconnection capacities between 
Portugal-Spain and Spain-France [MW]
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Table 1: Summary Statistics
  PRICE_PT_BS PRICE_ES_BS PRICE_FR_BS PRICE_PT_PK PRICE_ES_PK PRICE_FR_PK
 Mean 46.56047 46.75766 45.57176 50.50936 50.88954 52.8457
 Median 49.2 49.15 45.71 53.4 53.42 53.31
 Maximum 91.89 91.89 367.6 102.42 102.42 627.59
 Minimum 0.79 0.79 7.11 0.05 0.05 10.67
 Std. Dev. 13.64581 13.32416 17.45264 15.17455 14.85422 25.77347
 Skewness -0.91986 -0.884998 8.5148 -1.038287 -1.049672 14.57907
 Kurtosis 5.079319 5.340286 151.869 5.358144 5.676603 318.9676
 Jarque-Bera 251.4779 280.8955 732495.9 322.1068 377.5185 3284872
 Probability 0 0 0 0 0 0
             
 Observations 783 783 783 783 783 783
  PRICE_PT_OP PRICE_ES_OP PRICE_FR_OP PT_HDD ES_HDD FR_HDD
 Mean 43.08826 42.55379 38.2928 2.251454 3.330681 4.43684
 Median 45.195 45.015 38.16917 1.282996 1.819442 3.077545
 Maximum 301.285 87.805 107.6158 12.00704 14.10248 22.43006
 Minimum 1.745833 1.72 3.538333 0 0 0
 Std. Dev. 17.47134 12.71196 11.61162 2.363278 3.599877 4.265026
 Skewness 5.878117 -0.644137 0.70576 1.149727 0.905703 0.953528
 Kurtosis 87.1428 4.479365 6.233589 3.893398 2.752871 3.153219
 Jarque-Bera 235494.4 125.5465 406.1317 198.5441 109.0414 119.4185
 Probability 0 0 0 0 0 0
 Observations 783 783 783 783 783 783
  PT_CDD ES_CDD FR_CDD PT_WSAVG ES_WSAVG FR_WSAVG
 Mean 0.874864 1.071543 0.900092 3.529939 5.966993 2.601971
 Median 0 0 0 2.908853 4.976699 2.429253
 Maximum 9.009729 8.91479 10.60773 12.22416 19.2016 10.84552
 Minimum 0 0 0 0.275082 0.606043 0.042626
 Std. Dev. 1.472858 1.751397 1.724336 2.205962 3.488747 1.39227
 Skewness 2.252565 1.754339 2.685284 0.945743 1.29511 1.141516
 Kurtosis 8.432273 5.339177 10.9702 3.41704 4.545661 5.79865
 Jarque-Bera 1624.914 580.1562 3013.477 122.3973 296.8325 425.5825
 Probability 0 0 0 0 0 0
 Observations 783 783 783 783 783 783
  CAP_PT_ES CAP_ES_PT CAP_ES_FR CAP_FR_ES
 Mean 1943.556 1914.928 968.0859 907.9869
 Median 2000 1991.667 1025 893.7917
 Maximum 2825 2800 1592 1686
 Minimum 583.3333 0 0 0
 Std. Dev. 354.9334 422.2091 343.1235 338.215
 Skewness -0.354533 -0.830241 -0.412352 -0.138102
 Kurtosis 3.246843 3.979948 2.663116 2.711556
 Jarque-Bera 18.39094 121.2834 25.89208 5.203325
 Probability 0.000101 0 0.000002 0.07415
 Observations 783 783 783 783
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Figure 3: HDD, CDD [ºC] and Average Wind Speed [km/h] in Portugal, 
Spain and France
It is to note the big variability in the average wind speed. Literature 
reports some related issues, as such: transport of excess production, elec-
trical system fault endurance, available and flexible standby generating 
capacity and effective control or curtailment of wind power production 
(Benatia et al., 2013; Franco and Salza, 2011; Söder et al., 2007).









ADF test -5.510 -5.081 -5.592 -5.743 -5.230 -5.855 -8.130 -6.507 -8.020
(p-value) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
PP test -12.141 -11.938 -10.518 -12.837 -13.498 -10.083 -8.370 -10.173 -8.135
(p-value) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
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7. Model Estimation
The VAR model has proven to be especially useful for describing the 
dynamic behavior of economic and financial time series and for forecast-
ing. It is known to provide superior forecasts to those from univariate 
time series models and elaborate theory-based simultaneous equations 
models. In addition to data description and forecasting, the VAR model 
is also used for structural inference and policy analysis (Lütkepohl, 2005; 
Sims, 1980). In structural analysis, certain assumptions about the causal 
structure of the data under investigation are imposed, and the resulting 
causal impacts of unexpected shocks or innovations to specified variables 
on the variables in the model are summarized. These causal impacts are 
usually summarized with impulse response functions, as is performed 
in this work.
A VARX model was then considered to proceed with the evaluation of 
the determinants in the electricity market integration, due to its ability in 
capture the linear interdependencies among multiple time series.
Considering a VARX model for the three log prices:
t
(z)














w h e r e  z  i s  t h e  b a s e ,  p e a k  o r  o f f - p e a k  m o d e l ,
= ( ) ' the day-ahead elec-
tricity price matrix,  the exogenous variables matrix, C(z) are (3x1) 
constant matrices, A(z)i and B(z) are (1x3) coefficient matrices and 
u(z)t are (3x1) matrices of unobservable error terms. In order to determine 
the order of each the models, successive VAR models were estimated by 
a sequential test procedure, starting with the estimation of the models 
with p =15 lags and calculating-down for lower lags the Schwarz Bayesian 
criterion (BIC) and the Hannan-Quinn criterion (HQC).
In Table 3 the best values for the endogenous variable lags where 
criteria are minimised are presented. For each model a lag exclusion 
Wald test was performed in order to detect lags where the respective 
coefficients do not present significance in the model, which were then 
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removed as indicated. Autocorrelation testing in all models was performed 
(Davidson and Mackinnon, 2004).
Table 3: Lag selection for estimated models






removed Lags SC HQ
Lag 
removed






removed Lags SC HQ
Lag 
removed






removed Lags SC HQ
Lag 
removed
9 -0.18936  -0.501781* NA 9 -0.156834  -0.614308* NA
8. Analysis and discussion of results
Weather conditions have impacts on both demand and supply of electri-
city. The estimated VARX model provides insights of the related dynamics 
between the considered exogenous variables and spot electricity prices.
CDD and HDD are considered proxies for electricity demand, there-
fore a positive contribution in the models is expected. The results shown 
in Table 4 demonstrate that the exogenous variables related with CDD 
do not contribute too much for the model specification, whereas HDD 
improves the model in some cases. Positive significant contributions are 
found for the Spanish HDD in both spot electricity prices for Portugal 
and Spain. However, it is interesting to note that the Portuguese HDD 
has significant negative contributions to these same prices, which might 
be related with weather dynamics (which were not modeled here) rather 
than price dynamics. The French HDD only provides a positive contri-
bution to the spot electricity price in France. Furthermore, during peak 
periods only the Spanish HDD significant positive contributions on both 
Iberian spot electricity prices remain. 
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A relevant improvement in model specification is found by incorpo-
rating as exogenous variables the average wind speeds. It is expected 
that average wind speed contributes negatively to spot electricity prices 
due to the normally low marginal prices bid into spot markets. This is 
actually seen for almost all Portuguese, Spanish and French average 
wind speeds where significant negative contributions to spot electri-
city prices are found. Some small positive contributions are found, 
however weaher dynamics might explain these. It is to note that an 
increase of 1 km/h in the Portuguese average wind speed contributes 
to a 4.46% decrease in the base Portuguese spot electricity price (Table 
4). Furthermore, there is a 3.06% negative contribution of the French 
average wind speed to the base Portuguese spot electricity price. 
However given the small existing interconnection between France and 
Spain, this contribution might be related with weather dynamics rather 
than arbitrage between markets.
It would also be expected that the growth in ATC would contribute to 
a higher level of arbitrage, thus with negative effects to spot electricity 
prices. However, ATC significant contributions to spot electricity prices 
do not have a major contribution to the model specification.
As per Figure 4 all three models satisfy the stability condition of no 
roots outside the unit circle.
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Table 4: Wind [km/h], HDD [ºC] and CDD [ºC] 
significant coeficients in the VARX model
Price
Base Off-peak Peak
Wind_PT Wind_ES Wind_FR Wind_PT Wind_ES Wind_FR Wind_PT Wind_ES Wind_FR
L_PRICE_PT -4.46% -0.70% -3.06% -3.98% -0.89% -2.89% -4.40%   -2.85%
L_PRICE_ES -3.92% -0.82% 0.19% -3.45% -1.12% -3.06% -4.04%   -3.58%


















L_PRICE_PT -2.28% 2.12%   -1.89% 1.58%     2.93%  
L_PRICE_ES -2.40% 2.20%   -2.12% 1.54%     3.20%  


















L_PRICE_PT                  
L_PRICE_ES                  
L_PRICE_FR   0.98%     1.26%        
Table 5: ATC [MW] significant coeficients in the VARX model
Price
Base Off-peak
ATC PT-ES ATC ES-PT ATC ES-FR ATC FR-ES ATC PT-ES ATC ES-PT ATC ES-FR ATC FR-ES
PRICE_PT   0.02% 0.01%     0.02% 0.01%  
PRICE_ES -0.01% 0.02% 0.01% -0.01% -0.01% 0.02% 0.01%  
PRICE_FR   0.00% 0.00%     0.00% 0.00%  
Price
Peak
ATC PT-ES ATC ES-PT ATC ES-FR ATC FR-ES
PRICE_PT   0.02%    
PRICE_ES   0.02% 0.01%  
PRICE_FR     -0.01%  
Granger Causality tests to the time-series variables and impulse response 
analysis displaying the responses of each daily-log price time-series to 
a standard error shock in one of the time-series were carried out to the 
models considered and are presented, respectively, in Table 6 and in 
Figure 5 to Figure 7.
Outcomes in Table 6 show that both MIBEL market prices fail to 
Granger-cause the Powernext market prices on a pairwise relation. This 
can likewise be observed in the impulse responses of the French spot 
electricity market prices, which are practically inexistent to shocks in 
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any one of the MIBEL spot electricity market prices. In spite Powernext 
market prices Granger-cause the MIBEL_ES price in all models, the im-
pulse response analysis indicates a very weak effect. Additionally, there 
is a Granger-causality relation between Powernext and MIBEL_PT base 
and peak prices, yet fairly weak as confirmed by the impulse response 
analysis.
Within Iberia both MIBEL prices Granger-cause each other in all base, 
peak and off-peak models, which confirms the good integration between 
both Iberian electricity markets. This is also seen in the impulse response 
plots with strong responses of the Spanish spot electricity price to shocks 
in the Portuguese spot electricity price in all base, off-peak and peak 
models and vice-versa.
9. Final Remarks
The level of integration and some determinants on the South West 
Europe regional electricity market are evaluated in this study in order 
to assess the degree of accomplishment of the building of the European 
Internal market as aimed by the consecutive European Directives.
A future common competitive electricity market is aimed by European 
policy giving guidance to Member-State policy and statutes. The Electricity 
Regional Initiative was later on launched along this long process to attain 
the common electricity market. Simultaneously, the promotion of electri-
city generation by renewable energy sources was similarly an objective in 
Europe, reducing the dependency on imported fossil fuels and allowing 
GHG emissions mitigation. Large deployment of RES-E generation in 
Europe has been achieved through strong financial support mechanisms.
Results obtained from the model specification herein presented show 
that HDD contributed to a slight improvement to the model significance. 
Furthermore, it is to note that the introduction of the exogenous variable 
average wind speed improves all models specification.
The average wind speed both in Portugal and Spain show a significant 
negative influence for the Portuguese and Spanish base, off-peak and 
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peak log-daily spot electricity prices. Regarding the French average wind 
speed, there is a significant negative contribution in all Powernext base, 
off-peak and peak log-daily spot electricity prices.
Figure 4: Unit circle plot for base, off-peak and peak models 
(left to right)
Table 6: Granger Causality test output
Base Off-peak Peak
Dependent variable: L_PRICE_PT_BS Dependent variable: L_PRICE_PT_OP Dependent variable: L_PRICE_PT_PK
Excluded Chi-sq df Prob. Excluded Chi-sq df Prob. Excluded Chi-sq df Prob.
L_PRICE_ES_BS 64.21 7 0.00 L_PRICE_ES_OP 7.48 2 0.02 L_PRICE_ES_PK 82.37 9 0.00
L_PRICE_FR_BS 9.85 7 0.20 L_PRICE_FR_OP 6.28 2 0.04 L_PRICE_FR_PK 16.57 9 0.06
All 75.22 14 0.00 All 13.69 4 0.01 All 96.15 18 0.00
Dependent variable: L_PRICE_ES_BS Dependent variable: L_PRICE_ES_OP Dependent variable: L_PRICE_ES_PK
Excluded Chi-sq df Prob. Excluded Chi-sq df Prob. Excluded Chi-sq df Prob.
L_PRICE_PT_BS 59.98 7 0.00 L_PRICE_PT_OP 21.92 2 0.00 L_PRICE_PT_PK 81.87 9 0.00
L_PRICE_FR_BS 12.44 7 0.09 L_PRICE_FR_OP 3.49 2 0.17 L_PRICE_FR_PK 14.41 9 0.11
All 74.34 14 0.00 All 26.27 4 0.00 All 93.57 18 0.00
Dependent variable: L_PRICE_FR_BS Dependent variable: L_PRICE_FR_OP Dependent variable: L_PRICE_FR_PK
Excluded Chi-sq df Prob. Excluded Chi-sq df Prob. Excluded Chi-sq df Prob.
L_PRICE_PT_BS 3.49 7 0.84 L_PRICE_PT_OP 2.65 2 0.27 L_PRICE_PT_PK 7.57 9 0.58
L_PRICE_ES_BS 1.43 7 0.98 L_PRICE_ES_OP 3.71 2 0.16 L_PRICE_ES_PK 7.32 9 0.60
All 11.49 14 0.65 All 5.28 4 0.26 All 22.52 18 0.21
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6.3. Simulation results and discussion
As previously referred there were selected two scenarios: a reference 
scenario and the proposed solution. Even taking into account possible 
mismatches with the real situation, the simulation results (see Figure 5) 
corresponded generally to the expectations:
- General decrease of traffic volumes inside the neighborhood Norton 
de Matos, especially in the street Vasco da Gama (interior segment of 
the neighborhood);
- Significant increase of traffic volumes in some surrounding streets 
of the neighborhood;
- Significant increase of traffic volumes in the street Daniel de Matos 
(targeted street in the solution) and in the segment of the Street Vasco 
da Gama, that links the two targeted intersections.
Figure 5: Network traffic assignment: a) reference situation; b ) after 
changes. Traffic volumes increase with the darkness of the lines and 
density (veh./ Km) increases with thickness (from Dourado, 2013) 
In terms of routes choice, there were registered alterations. As an 
example, the O/D pair “Portela/Solum”, which corresponds to south/north 
centroids, shows a clear reduction in the slice of traffic that crosses the 
neighborhood - from 31.87% to 12.39% (Figure 6). It is also possible to 
see the adoption of a new route using the street “Paulo Quintela”, which 
has suffered from traffic volumes increase after the creation of the 30 
km/h zone.
a) b)
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Figure 6: Routes choice for Portela/Solum O/D pair. a) reference 
situation, b) after alterations (from Dourado, 2013)
The global performance indicators show interesting results: the total 
travel time increased 2,35% (from 202,65 h to 207,41 h), the total travel 
distance remained approximately constant, the average speed in the 
network decreased from 50.01 km/h to 49.08 km/h and the average 
density of the network slightly increased from 4.36 vehicles/km to 4.48 
vehicles/km. 
The simulation results allowed concluding that the measures intro-
duced in the neighborhood would not cause drastic changes in the 
average global speed neither in the average travel time correspon-
dent to the area of influence of the intervened zone. Although these 
results cannot be generalized for other situations, these conclusions 
are especially important to help mitigate the idea that traffic calming 
measures penalize significantly the general community circulation. 
This means that it may be possible to delimit areas subject to traffic 
calming measures without causing significant disturbances in the local 
mobility and accessibility.
Nevertheless it is important to highlight the possible less positive effects 
of this proposal: the migration of traffic and conflicts/accidents to other 
peripheral streets inside the neighborhood. It is essential to guarantee 
that there are conditions to accommodate this traffic and that the speed 
control measures are efficient. In this case, the proposed measures to 
these streets are expected to respond to these demands.
a) b)
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7. Conclusions
Through the study of foreign experience, namely north and center 
European countries, it was possible to determine extremely positive 
results associated with the implementation of traffic calming in resi-
dential areas.
In order to test the applicability of these concepts a study case was 
developed. A set of integrated measures was proposed to the neighborhood 
Norton de Matos. The solution definition was preceded by a diagnosis 
based on population surveys complemented with local observations and 
collection of traffic and speed data. To assess the impacts of the proposed 
measures to the target area and to its influential zones, a microsimulation 
model was built with Aimsun Software.
There are still some aspects of this study that should be taken into 
account in the analysis and assessment of the results:
- The isolated study of the target area without contemplating the ad-
jacent areas may be a limitation in terms of results interpretation and in 
the definition of the solutions;
- The difficulties in the data collection for the diagnosis showed to 
be a limitation not only for the proposal definition but also for the con-
struction of the simulation model. The impossibility to use an O/D matrix 
representative of the real traffic demand conditioned significantly the 
quality and robustness of the results analysis.
Despite the difficulties, the microsimulation showed to be an effective 
tool for evaluating the potential effects of proposed amendments. The 
results are in line with the expected, indicating the effectiveness of traffic 
calming solutions and identifying some less desirable effects.
This work is not a finished product. One can identify a set of actions 
that should be further developed: the extension of the zone (in terms 
of detailed solution) and an extensive data collection to build, calibrate 
and validate the microsimulation model. These two actions are essential 
to assess the overall effects associated with the implementation of the 
30 km/h zone and other measures.
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Abstract
Nowadays, the major Public Transportation Companies around the world use in-
telligent transportation systems based on automated data collection frameworks. 
The existence of these data has driven to the development of new approaches to 
the operational planning of public transportation. These approaches, commonly 
known as ADC-based operational planning strategies (ADC from Automated Data 
Collection), to improve public transportation reliability consist of adjusting the 
definitions made on the initial steps of the operational planning process by using 
real-world data. This type of changes concentrates mainly on restructuring routes 
and adjusting the existing schedule plan (SP). However, the usefulness of such 
tunings from a company point-of-view is often of difficult evaluation. 
This paper starts by presenting a brief review on improving the network defi-
nition based on historical location-based data. Then, it presents a broad review 
on ADC-based evaluation techniques of the schedule plan reliability, discussing 
the existing metrics. 
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The purpose of this paper is to critically describe the performance indicators used 
in the evaluation of the SP reliability, following the aforementioned bibliographic 
reviews. They will be certainly useful to shape the approaches developed by 
the research community for improving the quality of public road transportation 
operations based on data collected by ADC systems. 
This paper focuses on two different, yet highly related, approaches: 1) changing 
the network definition; 2) evaluating and adjusting the SP in place. The automatic 
control strategies and the different actions to improve the SP remain out of the 
scope of this paper. 
Keywords: Automated Data Collection (ADC); Operational Planning (OP); Public 
Transportation (PT); Network Design; Schedule Plan (SP); Reliability Metrics.
1. Introduction
In the last three decades, following a growing demand for fast trans-
portation services in urban areas and clear advances both in real-time 
communications and in vehicle location technologies, public road transport 
companies have made important investments in information systems mostly 
dedicated to their operations (Furth et al., 2003; Barabino et al., 2013; 
Mazloumi et al., 2010; Hounsell et al., 2012). Automatic Vehicle Location 
(AVL), Automatic Passenger Counting (APC), Automatic Fare Collection 
(AFC), and multimodal traveler information systems are just some exam-
ples of this kind of answer from the operators to a major concern of 
reliability and service quality level from passengers. As a consequence of 
this effort in Advanced Public Transportation Systems, these companies 
have been able to collect massive data, indeed real continuous flows of 
data (Furth et al., 2003).
The existence of these new data has driven to the development of new 
approaches for planning the operations of public transport companies, 
and many researchers have highlighted their potential to offer insights on 
new ways to evaluate and improve service reliability by means of both 
operational planning (OP) and control (Strathman et al., 1999; Strathman, 
2002; Strathman et al., 2003). Some of these approaches imply changes in 
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the initial phases of OP. However, the usefulness of such changes from 
a company view-point is not always easy to assess (Mendes-Moreira & 
de Sousa, 2014).
The aim of this paper is precisely to discuss works on the improvement 
of quality of public road transport operations based on OP strategies, 
mainly by using AVL and AFC data, and to improve the metrics and the 
approaches used in the evaluation of public transport reliability. 
This paper starts with the presentation of how operational planning is 
usually done in public transport companies. Then, the next two sections 
are assigned to the review of literature; section 3 is dedicated to the 
alterations in the network design and section 4 to the evaluation of the 
schedule plan, both concerned with the reliability of the public trans-
port service. Following the discussion presented in these two sections, 
challenges, opportunities and research ideas are proposed in section 5. 
Finally, in section 6, some highlights and thoughts on future research 
trends are synthesized.
 
2. Service and Operational Planning
Service and OP at public transport companies include network and 
route design, frequency determination, and vehicle and crew scheduling 
(Ceder, 2002; Wilson et al., 2009): 
a) Network definition: It consists of defining the lines, routes, and bus 
stops. Here, a route is an ordered sequence of directed road stretches 
between an origin and a destination, passing by multiple bus stops. 
A line is defined as a set of routes – typically two – with very similar 
paths, but inversely ordered.
b) Trips definition: The most common method involves firstly the 
definition of the set of bus stops for which schedule time-points will 
be set, necessarily including the origin and the destination ones. Then, 
timestamps are assigned to the previously defined schedule time-points. 
In high-frequency routes, however, this timetabling may also be defined 
by setting the time between two consecutive trips in the same route (this 
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is called headway-based). The set of resulting trips is often defined as 
the schedule plan (SP).
c) Definition of duties: A duty is the work that a driver and/or a bus 
must perform in a day. The definition of the drivers’ duties has much 
more constraints than the definition of bus duties (for instance, govern-
mental legislation, union agreements and company rules). The logical 
definition of bus duties is commonly done prior to the drivers’ duties.
d) Assignment of duties: It consists of physically assigning the pre-
viously defined logical duties to the companies’ drivers and buses. The 
assignment of driver duties to drivers is called rostering. 
Some authors (Vuchic, 2005; Ceder, 2007) also call this sequential or 
hierarchical process tactical planning. They claim that in the first stage 
of the process – the network design – decisions are less frequent; ser-
vice considerations, judgement, and manual analysis tend to dominate. 
Going down the list, the dominance of these factors change up to the 
point where crew scheduling decisions are constantly made using cost 
considerations as the main driver and where computer-based analysis 
dominates in the optimization of the system (Aguerrebere, 2012).
Anyway, the data needed for this set of functions are extensive, en-
compassing all the inputs required for travel demand forecasting, as well 
as information on usage of the system and current route and network 
performance. And AVL and AFC data are most likely to be effective in 
characterizing this usage and the performance of the existing system 
(Wilson et al., 2009). 
There are internal and external causes for reliability problems arising 
in PT networks. The former are usually associated to persistent prob-
lems as they include factors such as route configuration, inappropriate 
scheduling, times for the entry and exit of passengers at bus stops. The 
external ones are more sporadic. They include traffic congestion and 
accidents, raining days or badly parked cars. Only the internal causes 
are addressed by means of OP strategies, trying to avoid unreliability on 
a long-term perspective. The sporadic problems are lessened by control 
strategies, ensuring just corrective actions for a specific situation in a 
given moment (Abkowitz & Tozzi, 1987).
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the baseline qualifications of its population. This has been crucial since 
Portugal has had one of the worst records in terms of attainment rates 
for secondary and tertiary education. In 2012, the proportion of working-
-age adults (25-64 year-olds) whose highest level of attainment was upper 
secondary education was 19%, which contrasts with the OECD average of 
44%, and the proportion of working-age adults with a tertiary diploma was 
19% compared to the OECD average of 33% (OECD, 2014). Nevertheless, 
Portugal has made an impressive progress in recent years. Portugal spent 
5.9% of its GDP on education in 2009, compared to 4.9% in 1995 (OECD, 
2012)4, and is one of the OECD countries that have shown more progress 
in improving the level of education of its population. The proportion of 
adults that have not attained upper secondary education decreased from 
81% in 2000 to 62% in 2012 (OECD, 2014). In 2012 the proportion of 
25-34 year-olds with at least an upper secondary education was 58% and 
the proportion of 55-64 year-olds with a similar education level was only 
20%; equally, the proportion of 25-34 year-olds with tertiary education 
was 28%, while the proportion of 55-64 year-olds with that same level 
was only 11% (OECD, 2014). This marked cross-generational difference 
leads to the expectation that Portuguese educational attainment will sig-
nificantly improve over the years. Given the tough financial constraints 
that threaten to jeopardize these efforts and achievements, it becomes 
important to discuss which dividends education brings about, namely in 
terms of well-being, and in particular to inform the Portuguese authorities 
about the education’s role.
We thus undertake this analysis for Portugal using data from the 
European Social Survey (ESS). Our analysis and empirical strategy can 
be extended /replicated to all of the countries included in the used data-
set. Nevertheless, our focus on Portugal enables us to take into account 
country specificities. Given that the institutional context conditions the 
results, country-specific analysis are more suited to substantiate country 
specific policy recommendations.
4 This figure decreased to 5.5% in 2011. See Santiago (2012) for a list of measures that 
lead to a reduction in resources available to education in Portugal due to the economic crisis.
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The remainder of the paper is structured in a straightforward way. 
In section 2 we provide a brief survey of the literature focusing on the 
channels through which education exerts its effects on SWB; in section 3 
we present the data and empirical strategy; in section 4 we present and 
discuss the estimation results; and in section 5 we conclude.
2. Previous work/research 
Although education is seen as vital for societies, its role on well-being is 
not undisputed from an individual’s point of view. A positive relationship 
between education and individual SWB has been documented by many 
authors (e.g. Blanchflower and Oswald, 2004; Botha, 2014; Chen, 2012; 
Delhey, 2004; Di Tella, 2003; Ferrer-i-Carbonell, 2005). Nonetheless, oth-
ers find a negative effect of education on SWB (e.g. Caporale et al. 2009; 
Clark and Oswald, 1994, 1996). More education is commonly associated 
with longer working schedules, more stressful professions, higher disper-
sion of income and higher job expectations, which can upset the positive 
effects of education. More education is further responsible for distress in 
case of job loss (Clark and Oswald, 1994). Even the process of acquiring 
education is stressful and costly. Authors such as Veenhoven (2010) and 
Ferrante (2009) believe that beyond a certain threshold level, education may 
lose its significance, possibly because getting an education might involve 
costs that outweigh its benefits. Ferrante (2009) considers that real life 
opportunities commonly fall short of peoples’ aspirations and finds that, 
beyond a certain level of education (secondary education for Italy), further 
education fuels socioeconomic aspirations (education rises people’s earn-
ings and job expectations, for example), in such a way as to depress SWB. 
That education is more strongly related to well-being in poor coun-
tries is supported by Ferrer-i-Carbonell (2005), Veenhoven (1994) and 
Hartog and Oosterbeek (1997), and for individuals with lower income is 
evidenced by Diener et al. (1993).
Many of those who find a positive effect of education on SWB posit 
that such effect is exerted through indirect channels. From these different 
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studies it is possible to identify mechanisms such as higher income, high-
er employability, rapid promotions, more secure jobs, social integration 
and increased health. For example Diener (1993) finds that once income 
is controlled for the effect of education becomes insignificant. Similarly, 
Helliwell (2002) found a small effect of education on SWB, after con-
trolling for participation in social activities, health, trust in people, and 
higher income.
The more popular channels are grounded on the theory of human 
capital (Becker, 1964; Schultz, 1960). According to this theory, education 
adds to the stock of human capital, thereby promoting productivity. This 
leads to a higher income earning capacity and employability, which, in 
turn, leads to high-wage and high benefit jobs. Other than contributing to 
individuals’ future returns by increasing their stock of capital, education 
may promote future earnings and employability by acting as a signal to 
the labour market, informing potential employers about workers’ abilities, 
which are unobserved by them. This alternative idea has become known 
as signalling theory (Spence, 1973). In addition, this signal helps matching 
the most capable workers to the jobs that are more adequate to them, 
thereby promoting their well-being. Likewise, improved information and 
knowledge acquired through schooling increase labour market search 
efficiency (Haveman and Wolfe, 1984). 
Education has played a central role in explaining growth. Within 
economic growth theory, the benefits of education are seen as deriving 
from an accumulation of human capital, which acts as a fundamental 
input to production and, thus, to output growth in the long run, as well 
as from a boost in total factor productivity, which operates as a driving 
force for growth (Teixeira, 2014). The increased labour market search 
efficiency, fostered by education, can also be seen as offering a growth 
driver. Matching workers to jobs where their productivity is the highest 
enhances their productivity, and this also serves the general interest of 
society, since a better allocation of resources leads to growth. Growth 
feeds back into the individual, since living in more developed environ-
ments boosts individual happiness (cf. Stevenson and Wolfers, 2008). 
For a long time many researchers and policy makers conformed to the 
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impotence of public policy to foster happiness by promoting living 
standards, due to the observation that in many industrialized countries 
real per capita income, which is the main proxy for material well-being, 
has risen markedly since World War II, while average well-being has 
not. This finding has become known as the Easterlin paradox (Easterlin, 
1974, 1995). Recently, however, a reassessment of the Easterlin paradox 
by Stevenson and Wolfers (2008) established a very strong relationship 
between SWB and growth.
The above perspectives support the role of education in facilitating 
the access to better quality jobs. These have multifaceted characteristics, 
in the sense that they are associated with higher wages, higher job sta-
tus, and less vulnerability to unemployment, amongst others. Earnings’ 
potential has been particularly emphasized, together with occupational 
status (e.g. Diener, 1999; Teixeira, 2014). In this context it is interesting 
to note that Portugal is the OECD country that exhibits the highest wage 
gain from attaining university-level degree (70% as compared to the 
OECD average of 59%, according to the latest data, 2012). Furthermore, 
there is a large body of evidence that a higher level of education leads 
to a lower risk of unemployment, from academic (e.g. Cuñado and de 
Gracia, 2012), as well as from international institutions. For instance, the 
OECD Education at a Glance (2013) reports that the unemployment rate 
in Portugal, between 2008 and 2011, among 25-64 year-olds without an 
upper secondary education, raised from 7.6% to 13.3% (the OECD average 
increased from 8.8% to 12.6%); while among 25-64 year-olds with tertiary 
education it increased from 5.8% to 8.0% (the OECD average increased 
from 3.3% to 4.8%).
Recently, attention has also been given to the role of social capital 
in channelling the benefits of education into well-being. Social capital 
has been defined as “networks together with shared norms, values and 
understandings that facilitate cooperation within or among groups” (Côté 
and Healy, 2001: 41). It is common to group the social resources that 
enable such a cooperation in the following dimensions: social networks, 
participation in social activities, involvement in civic activities and trust 
(Nieminen et al., 2008). A vast number of studies has documented the 
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effect of education on social capital. For example Helliwell and Putman 
(2007) go so far as to say that education is the most important predictor 
of some forms of social capital. The effect of social capital on well-be-
ing is also well known (e.g. Han et al., 2013; Powdthavee, 2008; Pugno, 
2007; Winkelmann, 2009). The indirect effect of education on SWB via 
social capital is dealt with by Helliwell (2002) and Chen (2012). Böhnke 
and Kohler (2008: 15) also recognizes that “educational skills are not 
only an (increasingly) important prerequisite for labour market integra-
tion, but also form the basis for social integration and participation in 
a modernized world”. 
For instance, through education individuals gain access to a vast 
network of people, which broadens their minds, thereby promoting 
well-being (cf. Chen, 2012). One of the indirect effects of education on 
SWB postulated by Helliwell (2002) flows through social connectedness, 
proxied by participation in social activities, namely church attendance, 
and membership in voluntary associations. According to Helliwell (2002), 
trust in people is another benefit that can carry the effects of education 
into SWB. Chen (2012) argues that education increases happiness by 
enhancing ones capacity to get involved with the world, not only family 
and neighbourhood, but the outside world as well, thereby becoming 
more open-minded about other cultures, thus broadening ones’ horizons, 
which brings positive feelings. Chen (2012) focuses on specific forms 
of social capital, which are social networks (proxied by the number of 
acquaintances and contacts with family members during last New Year’s 
vacation) and cosmopolitanism (captured by international travel experi-
ence and frequency with which one talks about international issues). He 
finds that these mediating factors are more important in explaining the 
relationship between education and SWB than income, in some Asian 
countries, except for China, for which income plays a more important 
role, supposedly due to China’s relative low level of personal income. 
The effect of education on health is also quite popular (e.g. Hartog 
and Oosterbeek, 1997; Oreopoulos, 2007). The rationale is that more 
educated individuals adopt more healthy lifestyles. In other words, they 
“are assumed to be more efficient producers of health; they have less 
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unhealthy habits and visit their doctor when required” (Hartog and 
Oosterbeek, 1997: 2). In parallel, education contributes to the acquisition 
of information, and provides an advantage in the choice of less hazard-
ous occupations and locations (Haveman and Wolfe, 1984). The effect of 
education on SWB through its effect on health is tackled by Gerdtham 
and Johannesson (2001).
In contrast to these indirect effects, education can provide utility 
per se. There are individuals who value the acquisition of knowledge 
independently of leveraging it into future benefits, and others obtain 
utility from attending school, as a form of entertainment (Lazear, 1977). 
While some studies do not find a direct effect of education on SWB 
(e.g. Helliwell, 2002), others detect such an effect (e.g. Blanchflower 
and Oswald, 2004; Cuñado and de Gracia, 2012; Salinas et al., 2011). 
Cuñado and de Gracia (2012) interpret the effect of education on SWB, 
after controlling for income, labour status, and health, as evidence of a 
self-confidence or self-esteem effect of education. We note, however, that 
the differences across studies often derive from the authors’ subjective 
appreciation of the size of the coefficients of the education variables, as 
well as from omitted factors.
Most of the studies on the benefits of education focus on marketed 
effects of schooling, but Haveman and Wolfe (1984) identify a vast number 
of non-marketed effects, such as better marriage, child quality, con sumer 
choice efficiency, crime reduction, social cohesion, amongst others. 
Likewise, Diener (1999: 293) recognizes that “education may contribute 
to SWB by allowing individuals to make progress toward their goals or 
to adapt to changes in the world around them”, and Botha (2014) point 
to the role of education in providing life skills to avoid public shame, in 
rising social-status, and prestige. Sabates and Hammond (2008) provide 
a good review of the impact of education on well-being, covering less 
popular effects, such as self-esteem, self-efficacy, and risk of depression. 
Education is also viewed as a positional good (e.g. Botha, 2014; 
Helliwell and Putman, 2007; Salinas et al., 2011), since it provides a 
differentiation device, thereby conferring social status and advantage in 
job competition. No matter whom people compare themselves with, be 
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it region-wise (Helliwell and Putman, 2007), income-wise (Botha, 2014) 
or other, acquiring this differentiation provides a stimulus to individual’s 
well-being.
3. Methodology / Data and empirical strategy
The dataset that we use to study the relationship between education 
and SWB is from the European Social Survey. This is a cross-national sur-
vey that has been conducted every two years in more than 30 European 
countries since 2001. As mentioned previously, only Portuguese data will 
be used. The study will consider the most recent three rounds, which 
refer to 2008, 2010 and 2012.
We adopt the following model for our baseline specification:
𝑊𝐵𝑖∗ =𝛼+𝛽 ∙ 𝐸𝐷𝑈𝑖+𝛾 ∙ 𝑋𝑖+𝛿𝑡 +𝜀𝑖
where WBi*  is the well-being level reported by individual i, which acts 
as a proxy for the true individual well-being WB and is measured by the 
answer to the question “All things considered, how satisfied are you with 
your life as a whole nowadays?”. Answers range from 0 to 10, where 0 
means extremely dissatisfied and 10 means extremely satisfied5. EDU is 
education in the formal sense of the term, thus measured by the level of 
education attainment6. 
X is a vector of control variables, including gender (men being the 
reference category), age, and marital status7, δ is a time effect (a dummy 
5 This measure was chosen because life satisfaction is less responsive to short-term 
circumstances (Helliwell, 2002) than happiness. However, experiments using the question 
“Taking all things together, how happy would you say you are?”, to proxy well-being, 
converged to similar results.
6 Seventeen categories were combined into three: basic education (reference category), 
comprising no education level, basic - levels 1, 2 and 3, and vocational qualifications diploma 
courses of level 2; secondary education, which also includes vocational qualifications 
diploma courses of level 3 and technological specialization courses; and higher education, 
including polytechnic and university programmes at the bachelor’s level or equivalent, post 
graduate programmes, including masters and doctoral degree.
7 The category “divorced” also includes individuals legally separated. The reference 
category is single. 
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variable for each round), and εi is the error term, also capturing non-
-available factors. Since our dependent variable is measured on an ordinal 
scale, the model is estimated as ordered probit, in which the true indi-
vidual well-being is the latent variable.
Our empirical strategy consists of adding to this baseline specification 
factors expected to mediate the effect of education on SWB, and thus 
estimate the following model:
𝑊𝐵𝑖∗ =𝛼+𝛽 ∙ 𝐸𝐷𝑈𝑖+𝛾 ∙ 𝑋𝑖+𝜃∙𝐻𝑖+𝛿𝑡 +𝜀𝑖
where H may stand for any one of such mediating variables. We will test 
a considerable number of mediators and predict the following: 
Hypothesis 1: Education enhances SWB by raising earnings.
Hypothesis 2: Education enhances SWB by improving job status.
Hypothesis 3: Education enhances SWB by reducing the risk of 
unemployment.
Hypothesis 4: Education enhances SWB by boosting social capital. 
Hypothesis 5: Education enhances SWB through its positive effect 
on health.
Table A1 in the appendix presents a detailed description of the ex-
planatory variables, arranged according to the hypothesis being tested8. 
Here we briefly summarize the proxies used for each mediator. Earnings 
is proxied by the individual’s household total income, computed in 
equivalent terms. That is, an adjustment is undertaken to consider eco-
nomies of scale in consumption within the household.
Job status, referring to the position in which a worker is placed in 
the professional ladder, will be proxied by a set of variables, including 
workers having a supervisory role, autonomy in organizing own daily 
work, and capacity to influence management decision. 
As to the third hypothesis, both current and past unemployment will 
be tested. Current unemployment includes those who are both actively 
looking for a job and those who are not. Past unemployment is measured 
considering two time horizons, a short-term unemployment spell, referring 
8 Table A2 displays summary statistics of all variables and Tables A3 to A6 present 
correlation coefficients between the different proxies considered in hypothesis 2 to 5.
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to a past experience of unemployment between 3 and 12 months long, 
and a long-term unemployment spell, referring to a past unemployment 
experience lasting 12 months or more.
As discussed in the previous section, social capital is a multifac-
eted concept, which does not have a universal measurement. Despite 
this, three aspects of social capital are commonly identified. Drawing 
on prior research, we will proxy such established aspects of social 
capital as follows. Social participation and social networks will be 
measured by the frequency of social meetings, by having or not some-
one to discuss intimate and personal matters, by social activity in 
general, and by religious activity. Civic engagement considers whether 
individuals voted in the last election, other civic participation (such 
as having worked in a political party), and perceptions of safety in 
the neighbourhood. Trust will focus in people and will encapsulate a 
perception not only of trust but of fairness and helpfulness as well, 
as detailed in the appendix. 
The fifth hypothesis will be tested using self-reported health and dis-
abling health problems.
By adding these potential mediators to estimations we expect the 
education coefficients to decrease. This will be evidence that part of the 
effect of education on SWB is mediated by such factors. 
One last procedure will consist of analysing more comprehensive 
models. Some of these are meant to inspect whether there exists a direct 
effect of education on SWB, or whether the effect is exclusively exerted 
through indirect factors. In order to do that, we run a regression com-
prising variables from all hypothesis. 
After deleting individuals that have missing values in any of the used 
variables we are left with 2785 observations.
4. Empirical Results
Tables 1 to 5 present the estimation results for different specifications, 
meant to test hypothesis 1 to 5, respectively. The results of the estimation 
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of the baseline specification are repeatedly shown in column 1 of all 
tables for comparison purposes. 
Model 1 shows that gender has no effect on life satisfaction in Portugal, 
which contrasts with most countries where women seems to be happier 
than men. A possible explanation is that Portuguese women have a higher 
participation in the labour market than in other developed countries, 
and this may deteriorate their well-being, especially around motherhood 
period. As in most studies, there is a U-shaped relationship between life 
satisfaction and age. Compared to being single, being married positively 
contributes to life satisfaction9; whereas being divorced or separated, as 
well as being widowed, negatively impacts on life satisfaction, results 
which conform to expectations. As to the education variables, we observe 
that they are both statistically significant, and in particular that individuals 
with a higher education level are the ones reaching higher satisfaction.
Model 2 reports the results of testing hypothesis 1. We accomplish 
this by regressing a model with H=income. Expectedly, income has a 
positive effect on SWB. Adding income to the baseline regression re-
duces the education variables coefficients in a remarkable way. What is 
even more striking is the reduction of the higher education coefficient, 
which suggests that the advantage from having a higher education comes 
exclusively from attaining a higher income. This is in accordance with 
the fact reported in section 2 that the net income gain from attaining a 
university-level degree is indeed very high in Portugal (the highest in 
OECD). Hence, we probably would not have found such a huge effect 
of income on the education role in influencing SWB in other OECD 
countries.
9 In some of the coming models we note that the statistical significance of this variable 
is not upheld. This may be due to mediation effects, but we will not conjecture about it 
since it is not the focus of our study.
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evaluation of a farm as to the overall Sustainability, it would make 
sense to reclassify (or sub-divide) the categories obtained in the study 
of Environmental and Socioeconomic Viability into the following new 
set of categories:
Highly Sustainable - dairy farms classified as Viable on Socio-Economic 
and Environmental Viability, simultaneously;
Moderately Sustainable - dairy farms classified as Barely Viable in 
Environmental Viability and Socio-Economic Viability in Viable or vice 
versa;
Marginally Sustainable - dairy farms classified as Barely Viable in 
Environmental and Socioeconomic Viability;
Not Sustainable - all other.
This reclassification yields the results depicted in Figure 2. 
           
Figure 2: Number and percentage of dairy farms classified in each of 
four categories of Sustainability
Figure 3 presents the corresponding kernel density maps for a better 
visualization of the distribution of the density of each of these four cate-
gories. The Kernel Density (available in ArcGIS software) consists in an 
interpolation which is intended to generate a continuous surface through 
sample points (in this case, exploits), which is determined by number of 
farms classified in each category in relation to the area (km2).
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Figure 3: Density of distribution of dairy farms according to the new 
(aggregated) perspective of Sustainability
Analyzing briefly the spatial distribution of the sustainability classi-
fication, we can highlight the following: about 90% of the dairy farms 
in the county of Vila do Conde are classified as Not Sustainable, as 
well as 88% of the dairy farms in Póvoa de Varzim and 82% of those in 
Esposende – which are very high percentages. The counties of Maia, 
Santo Tirso and Barcelos are those with better classifications: there is 
a higher percentage of farms classified as Highly Sustainable and the 
lowest percentage of dairy farms classified as Not Sustainable (but 
still around 40%). The dairy farms classified as Not Sustainable, have 
in general a high animal density and reduced dimensions, and have 
difficulties in growth due to their proximity to urban areas. In turn, in 
dairy farms classified as High Sustainable there is a better fit between 
the number of animals and their dimension but especially they have 
improved environmental conditions.
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6. Sensitivity Analysis
Setting the required input data for the ELECTRE TRI method (weights, 
thresholds of indifference and preference, veto, reference profiles and 
cutting level) is a complex and ambiguous task because of the associated 
uncertainties. To check how changes in the parameters influence the re-
sults, we performed a sensitivity analysis, considering different scenarios, 
in order to verify the robustness of the results.
Two scenarios were defined, in order to develop a sensitivity analysis 
in the study of Environmental and Socio-economic Viability, which we 
will call the Benevolent and Stringent scenarios. These scenarios are 
characterized by a variation of 5% in the profiles of the categories, in 
the preference, indifference and veto thresholds and in the cutting level 
(there was no change in the weights in any of the scenarios). We aim at 
evaluating changes in the results obtained in these two scenarios when 
compared with the classification of originally obtained data, which we 
shall call the Original scenario.
The Benevolent Scenario is characterized by changing the parameters 
of the ELECTRE TRI method as follows: the cutting level is decreased by 
0.03 (becoming 0.57), the reference profiles of the categories increase 
5% if a criterion is to be minimized and decrease 5% if a criterion 
is to be maximized, and thresholds of preference, indifference and 
veto are increased by 5%. This is a less demanding scenario than the 
Original one.
In turn, the Stringent Scenario considers the changes referred to in 
the following parameters of the ELECTRE TRI method: the cutting level 
is increased by 0.03 (becoming 0.63), the reference profiles of the cate-
gories decrease 5% if the criterion is to be minimized, and increase 5% if 
a criterion is to be maximized, and thresholds of preference, indifference 
and veto are decreased by 5%. This is a more demanding scenario than 
the original one. 
The results of comparing the three scenarios are summarized in Figure 4. 
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Figure 4: Comparison of the three scenarios regarding the classification 
of Socio-Economic and Environmental Viability (Category 1 - Not Viable, 
Category 2 – Barely Viable, Category 3 - Viable).
In the Stringent Scenario, the percentage change in the socio-economic 
assessment is lower than in the environmental assessment. The percent-
age change in each category is equal to or less than the variation caused 
in the parameters and, as such, it can therefore be said that despite the 
change in the final results this is not very relevant.
In the Benevolent Scenario, it is noted that the number of dairy farms 
changing classification in environmental analysis is less than the number 
changing in the socio-economic analysis. This means that, even when 
requiring less compliance with environmental requirements, no major 
changes in the classification of farms are visible. Despite the fact that 
there were some changes obtained in the classification, those were not 
very significant.
We considered also other Stringent and Benevolent scenarios char-
acterized by a greater variation: 15% in the profiles of the categories, 
in the preference, indifference and veto thresholds and cutting level 
(becoming 0.51 in Benevolent and 0.69 in Stringent scenarios). In both 
new Stringent and Benevolent scenarios the changes in the classification, 
in all four sustainability categories, is less than percentage change, not 
exceeding 7%, compared with results of Original scenario. In Figure 5, 
it is possible compare the number of dairy farms classified in each of 
four categories of Sustainability for the 5 scenarios analysed: Stringent 
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(5% and 15%), Original and Benevolent (5% and 15%) scenarios. These 
different scenarios considered support the stability of the results obtained 
by ELECTRE TRI method.
Figure 5: Number of dairy farms classified in each of four categories of 
Sustainability by comparing the five scenarios.
7. Discussion
Considering the results, one notes the worrying situation in which 
many farms in the EDM Region are found regarding their sustainability. 
In this region, the economic component contributes greatly to the sustain-
ability of farms, but the breach of environmental requirements is having 
a greater influence on their sustainability. There are reasons, natural and 
historical, which tend to hinder the resolution of environmental problems, 
such as the ownership structure of dairy farms and their dispersion, the 
morphological and geological nature of the terrains and the proximity to 
urban areas. The solution to this environmental problem is an evolution 
of the structure of dairy farms to reduce the intensity of production, but 
also for obtaining dimension which will amortize investments in equip-
ment and training. However, the economic framework is itself heavily 
influenced by the nature of the support regime (largely price support), 
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technology development and structural change in the production sector 
(plus structural change in the upstream and downstream supply chain). 
So it is necessary to find diverse environmentally and economically 
sustainable solutions, for those farms that are moderately or marginally 
sustainable. As for the farms that are not sustainable, although solutions 
should be sought to enable the continuation of the dairy farming activity, 
a reconversion to a different activity is also an alternative to consider.
For this study, the ELECTRE TRI method seemed appropriate as it sorts 
alternatives (dairy farms) by preference-ordered categories. Indeed, in 
classification of dairy farms, where various environmental, economic and 
social aspects are at stake, it is often important to use known standards 
(reference profiles) to define various categories of sustainability. This 
requires capability of evaluating each farm in absolute terms, not just in 
comparison with other peers, as well as the need to include evaluation 
aspects expressed in different units, using any type of scales (including 
qualitative). The ELECTRE TRI refuses the possibility of total compensation 
between the alternative’s performances on the criteria. Thus it prevents 
that a farm with very good performance on some criterion compensates 
a very poor performance on another criterion and achieves the best cat-
egory despite that major weakness. 
Finally, the sensitivity analysis developed verifies the robustness of 
the results of dairy farms sustainability assessment.
8. Conclusions
The complexity of sustainability assessment can be mitigated with the 
use of MCDA techniques. In this study, we found that MCDA can be useful 
in the evaluation of sustainability that encompasses multiple dimensions. 
The Outranking Method ELECTRE TRI proved to be an adequate method, 
preventing unwarranted compensation of poor performances, and yielding 
a classification of dairy farms on sustainability according to the parame-
ters and values assigned by experts. The integration of GIS capabilities 
and MCDA techniques reinforces the advantages of both tools. 
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The main highlights of the methodology followed in this paper are 
the following. First, the sustainability assessment is based explicitly on 
multiple criteria, rather than trying to find an indicator such as carbon 
footprint or a financial ratio that would synthetize environmental and 
economic sustainability, respectively. Second, the evaluation is grounded 
on a classification method which is parsimonious in terms of the value 
judgments it requires, namely not requiring substitution rates among 
the criteria, nor pairwise comparisons among a large number of alter-
natives. Although the results are somewhat coarse (when compared to a 
full ranking), classification results are familiar and widely accepted by 
decision makers (e.g., efficiency labeling). Third, a separate assessment 
of sustainability dimensions is made, directing attention to different po-
tential weaknesses of the farms. Nevertheless, these two dimensions of 
sustainability can be conveniently summarized into an easy to understand 
overall classification, namely to present graphically in maps.
In this work it was also possible to analyze the geographical distribu-
tion of the classification of dairy farms and to realize that the areas which 
reflect higher levels of sustainability are those that have an increasing 
concentration of farms, whereas areas that reflect the worst levels of 
sustainability are those that are subject to abandonment. 
The structure, process and application of sustainability assessment can 
be extended to other areas besides agriculture. In this decision process, 
options were taken in each phase, which leave space for future studies 
and the development of new approaches, such as the aggregation of 
these or other criteria, with the involvement of more experts with the 
application of other(s) multi-criteria method(s), with application for more 
updated reinvestigation.  
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